Osteoporosis as well as osteopenia are common human conditions considered to result from the interplay of multiple genetic and environmental factors. Twin and family studies have yielded strong correlation between measures of bone mass and a number of genetic factors. Certain genes (eg, cytokines such as interleukin-1, interleukin-6, or tumor necrosis factor-alpha) are capable of regulating metabolism, formation, and resorption of bone; all processes that determine bone mass. We tested 192 sib-pairs of adult Japanese women from 136 families for genetic linkage between osteoporosis and osteopenia phenotypes and allelic variants at the tumor necrosis factor-alpha (TNFA) locus, using a dinucleotide-repeat polymorphism located near the gene. The TNFA locus showed evidence for linkage to osteoporosis, with mean allele sharing of 0.478 (P = 0.30) in discordant pairs and 0.637 (P = 0.001) in concordant affected pairs. Linkage with osteopenia was also significant in concordant affected pairs (P = 0.017). Analyses limited to the post-menopausal women in our cohort showed similar or even stronger linkage for both phenotypes. The results provide evidence that genetic variations within the TNFA locus or adjacent genes affect regulation of mineral metabolism in bone and some of them confer risk for osteoporosis in adult women. Genes and Immunity (2000) 1, 260-264.
Introduction
Osteoporosis is characterized by low bone mass and deterioration of the micro-architecture of bone tissue, with a consequent increase in fragility and susceptibility to fracture. The most important predictor of fracture is bone mineral density (BMD), a measurement that reflects many genetic and lifestyle factors. Its predictive value is well supported by results of twin 1 and family studies. 2 Knowing the genetic risk factors for an individual would assist physicians with diagnosis, prevention, and therapy. Multiple endocrine and metabolic factors play a role in the process of maturation of bone and in bone loss that accompanies aging. 3 Bone loss originates from an imbalance between the resorption and formation phase of bone remodeling. Since the pathogenesis of osteoporosis among patients is likely to be heterogeneous, a rational approach to an understanding of the genetic background in each case would require a more definitive method of genetic analysis.
To date, numerous cytokines known to regulate the micro-environment of bone have been implicated in osteoporosis on the basis of association studies in human populations and phenotypes of mice in 'knock-out' experiments. Among the suspect genes are interleukin-1 (IL-1), interleukin-6 (IL-6), and tumor necrosis factoralpha (TNFA). In the study reported here, we chose to investigate the TNFA gene for possible effects of variations at this locus with respect to bone metabolism. We determined the relevant TNFA genotypes of 192 sib-pairs of Japanese women, and tested them for linkage to osteoporosis or osteopenia.
Results
The 297 Japanese women of our panel, comprising 192 sib-pairs from 136 families, were genotyped for a CArepeat microsatellite present at TNFA locus. The size of the PCR products from this cohort of individuals ranged from 11 to 22 repeats of the dinucleotide. The distribution of these alleles in our test population, all of whom lived within a defined geographical region, is shown in Table 1 .
The results of qualitative sib-pair linkage analysis of osteoporosis/osteopenia against allelic variants at the TNFA locus are shown in Table 2a . Significant linkage of this locus to osteoporosis was indicated: mean allelesharing among the 53 discordant pairs (one affected, one not) tended to be less than expected (0.478 ± 0.305) and was greater than expected among the 36 concordant affected pairs (0.637 ± 0.238, P = 0.001), on the basis of allele frequencies that had been estimated for the Japanese population as a whole. Mean allelic-sharing for osteopenia among the 63 discordant pairs was 0.501 ± 0.334 and among the 65 concordant affected pairs was 0.568 ± 0.251 (P = 0.017). Results of linkage analysis using only the post-menopausal women remained significant even though the number of pairs was reduced (P = 0.001, Table 2b ). We also combined information from the three classes of sib-pairs by linear regression, to relate osteoporosis/osteopenia to the degree of allele sharing. When the concordance or discordance of disease status were regressed against the degree of allele sharing for all sibpairs, the regression lines for the polymorphism at the TNFA locus showed negative slopes which did not quite reach statistical significance ( Table 3 ). The results became significant for osteoporosis when only post-menopausal women were analyzed (P = 0.006).
Discussion
A relationship between the immune system and bone resorption was recognized nearly 25 years ago, with the first description in 1974 of 'osteoclast activating factor' Status: 0, concordant unaffected pairs; 1, discordant pairs; 2, concordant affected pairs. Criterion for osteoporosis diagnosis was a BMD Ͻ70% of the mean among young adult females. Numbers in parenthesis represent an osteopenia diagnosis defined as a BMD Ͻ80% of the mean among young adult females). A significant increase (status = 0.2) or decrease (status = 1) in allele sharing (compared to the expected 0.5) is taken as evidence for linkage. *Statistical significance of P values Ͻ0.05. Total number of sib-pairs recruited in the present study was 192. Not all subjects had genotypes unambiguously determined for each marker, and therefore the total number of sib-pairs presented in the table varied among markers.
Genes and Immunity
(OAF) and other molecules produced by cells of the immune system. 4 It has become clear since then that several molecular entities produced by cells of the immune system can affect differentiation and maturation of osteoblasts or osteoclasts in vitro. The most widely studied of these cytokines are interleukin-1 (IL-1), interleukin-6 (IL-6) and TNFA. TNFA is involved in tumor-induced bone resorption 5, 6 and non-tumor-induced osteopenia 7 and along with IL-1, is secreted from mononuclear cells of post-menopausal women. 8 TNFA, a multi-functional cytokine, is essential for regulating the immune response, hematopoiesis, and bone resorption; in bone it stimulates formation of osteoclasts by including either proliferation of osteoclast-precursor cells or activation of differentiated osteoclasts, 9 especially when triggered by estrogen deficiency. 10 Various
11 the estrogen receptor alpha locus 12, 13 or the collagen type I alpha 1 locus 14 as to their roles in bone metabolism. We chose to test the TNFA locus by the method of sib-pair linkage analysis and genotyped a large panel of Japanese women for polymorphisms of a nearby microsatellite. We found that this locus was linked to osteoporosis, ie, to decreases in bone mineral density. In view of the increased estimated allele sharing in concordant pairs and a decreased sharing in discordant pairs, we conclude that the TNFA locus may be an important susceptibility gene for determination of BMD.
The present study represents the first report of linkage of osteoporosis to the chromosomal region 6q21.3, containing the TNFA gene. When we analyzed separately the women of our panel who were post-menopausal, the results did not change with respect to statistically significance. The fact that menopausal status did not confound the linkage results was an important finding, although the number of pre-menopausal women was small.
The synthesis of TNFA is known to be regulated at the transcriptional level. 15 The TNFA promoter has been characterized and contains a number of important regulatory elements that effect TNFA transcription in response to various stimuli. 16, 17 Polymorphism of the 5′- franking region of the TNFA gene, responsible for transcriptional region of TNFA production, has been reported. 18, 19 Some evidence for the role of the region encompassing −308 in the transcription of TNFA has been provided by several researchers. 20, 21 Such variations in the gene expression might affect the production level of TNFA by osteoblast and /or osteoclast, leading to alteration in bone density. Other examples of genetic linkage have been known between several autoimmune diseases and TNFA polymorphism. 22, 23 Indeed, the polymorphisms within the TNFA gene promoter are associated with a particular clinical subtype of systemic lupus erythematosus, cerebral malaria, septic shock, rheumatoid arthritis or preterm premature rupture, [24] [25] [26] [27] [28] although frequencies of these specific alleles are low in Japanese. 29 The data presented here suggest that an allelic variation or mutation in, or adjacent, to the TNFA gene may affect bone metabolism and eventually cause a change in BMD. Future studies utilizing association tests may allow further genetic definition of this candidate region. To clarify the contribution of TNFA to the etiology of osteoporosis and osteopenia, it will be necessary to extend these studies to different population and to investigate Figure 1 Distribution of radial BMD with regard to age group for participants in the present study and general Japanese. BMD was measured by dual X-ray absorptiometry (DTX-200).
the structure of the entire genomic region containing the TNFA gene and its control elements in affected individuals.
Materials and methods

Subjects
DNA samples were obtained from peripheral blood of 297 Japanese women from 136 families, comprising 192 sib-pairs. All lived in the Gunma area in the central part of Honshu mainland of Japan, and their ages ranged from 25 to 86 (mean, 64.0 ± 9.7). All were volunteers and gave their informed consent prior to the study.
Measurement and criteria of bone mineral density (BMD)
The BMD of radial bone at distal one-third (expressed in g/cm 2 ) of each participant was measured by dual energy X-ray absorptiometry (DTX-200, Osteometer Ltd, Denmark). For our purposes, osteopenia was defined as a decrease of bone mineral density below 80% of the mean in young adult women (cut-off value, 0.381 = −1.8 s.d.), Osteoporosis was defined as a decrease of bone mineral density below 70% of the mean in young adult women (cut-off value, 0.333 = −2.6 s.d.), according to general criteria recommended by the Japanese Society for Bone and Mineral Research. 30 The BMD of radial bone (expressed in g/cm 2 ) of each participant was measured by dual energy X-ray absorptiometry (DPX-L, Lunar Co, USA). This parameter was recorded as adjusted BMD, in order to correct for differences in age, height, and weight. regard to age groups of the participants in the present study and the distribution in the general Japanese population published previously. 30 Although many researchers measure BMD in the lumbar spine, we measured BMD in the radius, following the Guideline for Osteoporosis Screening in a health checkup program conducted by the Ministry of Health and Welfare of Japan. 30 This method is recommended for measuring BMD in elderly females, in whom osteoporosis is often accompanied by ortho-arthritis of the spine. Apparently higher average of BMD might be due to such differences in methods of measurement. ] end-labeled forward primer and non-labeled reverse primer that we have described previously. Cycle conditions were 94°C for 4 min, then 30 cycles of 94°C for 30 sec, 60 or 65°C for 30 sec, and 72°C for 30 sec, with a final extension step of 5 min at 72°C in a Gene Amp PCR9600 System (Perkin-Elmer Cetus, Norwalk, CT, USA). PCR products were electrophoresed for 2 h at 2000 V in 0.3-mm thick denaturing 6% polyacrylamide gels containing 36% formamide and 8 m urea. Gels were transferred to filter papers, dried at 80 †C, and autoradiographed. The size of each allele was determined by comparison with a sequencing ladder of control DNAs.
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Statistical analysis
In qualitative-trait analysis using osteoporosis as affected status, we analyzed three classes of sib-pairs; (1) both sibs unaffected (clinically concordant unaffected sib-pairs); (2) one sib affected and the other not (clinically discordant sib-pairs); (3) both sibs affected (clinically concordant affected sib-pairs). Non-parametric linkage analysis was performed using the SIBPAL program (version 2.7) of the SAGE package. 32 A significant increase in allele-sharing (Ͼ0.5) for concordant pairs, and/or a significant decrease in allele sharing (Ͻ0.5) for discordant pairs was considered evidence for linkage. Although the total number of sib-pairs recruited in the present study was 192, not all subjects had genotypes unambiguously determined for the marker. Because menopausal status could have profound effects on sib-pair phenotypic concordance, we repeated all analyses using only those women who were over age 55. This resulted in 113 families, with a total of 141 sib-pairs. This program applies the algorithm with the given allele frequencies appropriate for random samples, and estimates the proportion of alleles the sib pair shares identity by state at that locus.
